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I. Basis fth report 
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the description, 
the claims, 
the drawings, 



sheets: 



pages: 
Nos.: 
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considered to go beyond the disclosure as filed (Rule 70.2(c)): 



see separate sheet 
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V. Reasoned statement under Articl 35(2) with regard t novelty, inventive st p or industrial 
applicability; citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-14 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-14 

Industrial applicability (I A) Yes: Claims 1-14 

No: Claims 

2. Citations and explanations 
see separate sheet 

VI). C rtain defects in the international application 

The following defects in the form or contents of the international application have been noted: 
se separate sheet 
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Re Item I 

Basis of the report 

1 . With his reply to the first written opinion the applicant has filed a completely new 
set of claims, without referring to this fact in his letter of reply. Of course, due to 
this omission to mention the new set of claims, also no basis for the amendments 
has been indicated. 

This is highly objectionable, because it puts a high burden on the examiner to find 
all the amendments, and to further find their basis in the application as filed. 

2. Some of the amendments proposed by the applicant go beyond the application as 
filed (Article 34(2)(b) PCT). 

2.1. Claim 6 defines that the central jacket is connected via a coolant circuit to a 
circulating pump. The basis for this amendment seems to lie in page 3, lines 11- 
13, where a water circuit and a circulating pump are disclosed. 

This has now been generalised to cooling circuit in general. Subject-matter has 
been added. 

It is admitted that on page 2 it is mentioned that other coolants can be used. 
However, the circulating pump seems only to be disclosed in relation to water 
being the coolant. 

2.2. Claim 10 defines that the gas mixing means comprise annular mixing vanes or 
discs. The expression "annular mixing vanes or discs" can only be found on page 
3, lines 20 and 21 . This passage discloses that the first mixer is a static mixer, 
whereas the other mixers are alternating "annular mixing vanes or discs". 

The claims now specifies that also the first mixer is an "annular mixing vane or 
disc", which was not disclosed in the application as originally filed. Subject-matter 
has been added. 

2.3. Since the applicant has not given any indication of the basis for the amendments, 
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the final decision on the allowability of the amendments is deferred to the regional 
phase. 

Re Item V 

Reasoned statement under Article 35(2) with regard to novelty, inventive step r 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1: WO-A-93/19005 
D2: GB-A-2075859 
D3: US-A-4988431 
D4: DE-A-1 9544895 

1 . The subject-matter of the present claims is novel. The subject-matter of claims 1 - 
14 does not involve an inventive step, however (Article 33(3) PCT). 

Inventive step objections arise starting from document D1 and starting from 
document D4. 

1.1. Starting from document D1 : 

Document D1 discloses a reactor for the selective oxidation of carbon monoxide in 
the presence of hydrogen. The reactor contains two catalytic beds. Cooling coils 
are embedded in the 2 catalyst beds. From figure 1 it is clear that the coolant 
flows countercurrently to the reacting stream. The reactor has inlets for gaseous 
fuel and oxygen. The product from the reactor is fed to a fuel cell (see figure 1 ; 
page 9, line 3 - page 12, line 32). 

In his letter of reply of 12.09.2000, the applicant has argued that claim 1 is novel 
for several reasons. 

Firstly, it is argued that the present reactor is contained in a single vessel. With 
respect, the examiner cannot agree on this point of view, because claim 1 
specifies that the reactor comprises a cylindrical reactor vessel, with at least one 
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stage. Document D1 clearly has one stage in a vessel. The presence of a second 
stage in a second vessel is certainly not excluded from claim 1 . 

Secondly, it is argued that the apparatus of document D1 does not have any 
mixing means. With respect, the examiner cannot agree with the applicant here. It 
should first be mentioned that the term mixing means is extremely broad, giving 
no indication what sort of mixer is meant. In any case, on page 9, lines 20-23 of 
document D1 disclose that the perforated support member (23) facilitates 
distribution of gases to all regions of the catalyst bed. Perforated support member 
(23), therefore, clearly functions as a mixing means. 

The only difference between claim 1 and document D1 , therefore, lies in the fact 
that in claim 1 the catalyst is supported on a metallic support, whereas in 
document D1 the catalyst is supported on a metal oxide support. 

Document D4 discloses an apparatus for the selective oxidation of carbon 
monoxide. The catalysts used in this apparatus are preferably supported on a 
metallic support. 

The person skilled in the art will certainly consider using catalysts supported on a 
metallic support in the apparatus of D1 . The subject-matter of claim 1 does not 
involve an inventive step. 

It is noted that similar objections can be raised starting from document D2 and 
document D3. 

1.2. Starting from document D4: 

Document D4 discloses an apparatus and process for the selective oxidation of 
carbon monoxide in presence of hydrogen. The apparatus has several catalytic 
stages, in which the catalyst is preferably supported on metallic supports. The 
reactor is cooled by a cooling circuit, which is connected to the outside of the 
reactor. From the figures, it would appear that the cooling takes place co- 
currently. The reactor has inlets for oxygen and for the gas to be treated and 
contains several static mixers to achieve mixing (and cooling) of the reactants. 
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The product of the reactor can be fed to a fuel cell (see figures; column 3, line 35 - 
column 4, line 50). 

The only difference between claim 1 and document D4 lies in the fact that in claim 
1 the cooling takes place countercurrently, whereas in document D4 the cooling 
takes place co-currently. 

The skilled chemical engineer, who is the person skilled in the art in the present 
case, always considers both co- and countercurrent operation of heat-exchange 
processes. 

The applicant has argued that claim 1 further differs from document D4 in the fact 
that in claim 1 the apparatus is cylindrical, whereas in document D4 this would not 
be the case. The examiner cannot agree on this point with the applicant. Although 
the preferred embodiment of document D4 is directed to a plate-type reactor, the 
use of other forms for the reactor are also disclosed according to the examiner. In 
any case, the choice of a cylindrical shape for a reactor is the first choice for the 
skilled chemical engineer, for the reasons as given by the applicant in his letter of 
reply to the written opinion (compact, easy manufacture). 

The subject-matter of claim 1 does not involve an inventive step. 

2. The subject-matter of claim 1 2 does not involve an inventive step. 

Document D1 is considered to be the closest prior art for claim 12. 

The only difference between claim 12 and document D1 lies in the fact that in 
claim 1 the catalyst is supported on an annular metal support, whereas in 
document D1 the catalyst is supported on a particulate metal oxide support. 

Document D4 discloses the use of metallic supports in the selective oxidation of 
carbon monoxide. 

The person skilled in the art will, therefore, certainly think of using a metallic 
catalyst support. The further choice of an annular shape of the support, seems to 
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be the choice from a limited number of possibilities. 

The subject-matter of claim 12 does not involve an inventive step. 

3. The subject-matter of claims 2-11,13 and 14 also does not involve an inventive 
step. 

3.1. Claims 2, 4-7 are directed to features of the cooling of the reactor, which are all 
well-known measures to the person skilled in the art. The subject-matter of claims 
2, 4-7 does not involve an inventive step. 

3.2. A recent trend in gas-phase catalytic reactions is the use monoliths as catalyst 
supports. The subject-matter of claim 3 does not involve an inventive step. 

3.3. Both document D1 and document D4 disclose a plurality of oxidation stages, the 
person skilled in the art will be able to choose the optimum number of stages. The 
subject-matter of claims 8 and 9 does not involve an inventive step. 

3.4. The mixing vanes or discs seem to be well-known mixing means. The subject- 
matter of claim 10 does not involve an inventive step. It is noted that the claim 
does not fulfil the requirements of Article 34(2)(b) PCT (see section I, above). 

3.5. From the introduction of document D4 it is clear that the selective oxidation of 
carbon monoxide is used on synthesis gas, to make it suitable for use in a fuel 
cell. The subject-matter of claims 1 1 and 14 does not involve an inventive step. 

3.6. Document D1 discloses using an inlet temperature of 320T (=160°C; see claim 
11). The subject-matter of claim 13 does not involve an inventive step. 

Re Item VII 

Certain defects in the international application 

1. Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D4 is not mentioned in the description, nor are 
these documents identified therein. 
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REACTOR AND PROCESS FOR REMOVAL OF CARBON MONOXIDE FROM HYDROGEN 



5 

The present invention concerns an improved reactor, more particularly it concerns a 
reactor particularly adapted for and suitable for certain selective oxidation reactions. 

We have previously developed certain selective oxidation processes for the removal 
10 of residual carbon monoxide in hydrogen-containing gases intended as feedstock for fuel 
cells. Such processes are disclosed and claimed in for example, PCT/GB98/02873. It has 
become well established that hydrogen-fuelled fuel cells require very low proportions of 
carbon monoxide, which acts as a catalyst poison and degrades performance of the fuel cell. 
Desirably, the amount of CO is less than 10 ppm. If a liquid fuel is reformed to form a 
15 hydrogen-containing fuel, levels of CO are produced which may vary about 0.5-5mol%, so 
that it becomes necessary to attenuate such CO levels. As mentioned in the above 
International Application, catalytic selective oxidation reactions are highly exothermic with 
the result that increasing reaction temperatures lead to increasing loss of valuable hydrogen 
due to competing reactions. 

20 

There remains a need for a catalytic selective oxidation reactor which permits good 
temperature control yet is simple, effective and inexpensive to manufacture. Although 
hydrogen n cieaned-up M by the reactor of the present invention may be used as fuel cell fuel, 
there are many other uses for such hydrogen. Also, although the reactor is particularly 

-25 suitable for the cleaning up of reformate (which may be from methanol, other oxygenated 
fuels, gasoline or other hydrocarbon fuels), it is not limited to such use. Accordingly, the 
present invention provides a reactor for catalytic selective oxidation, comprising a reactor 
vessel with counter current cooling and at least one stage, each stage provided with an inlet 
for a first feedstock, e.g. CO contaminated hydrogen, an inlet for a second feedstock, 

30 e.g. oxygen-containing gas, gas mixing means and a catalytic reaction zone, preferably 
comprising a selective oxidation catalyst deposited on a substrate having good heat 
conduction properties. 

The invention also provides a process for the removal of quantities of CO from a 
35 hydrogen feedstock by partial oxidation, comprising at least one step of admixing said 
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feedstock with a quantity of oxygen, passing the resulting mixture over a selective oxidation 
catalyst in a selective oxidation zone and recovering a hydrogen product with reduced 
content of CO, whilst simultaneously cooling the selective oxidation zone, preferably to 
maintain the selective oxidation zone at a temperature in the range 100 to 250°C, by counter- 
5 current coolant flow. 

The reactor, in its most preferred embodiment, has four stages and this is effective to 
reduce a reformate having a CO content of 1 to 2% to below 1 Oppm. In other embodiments, 
there may be 2 to 10 stages. 

10 

The reactor is suitably in the form of a vessel in which the reaction zones are 
generally annular in shape, and provided with internal and/or external liquid cooling. 
Cooling is preferably provided by internal cooling using water, which is suitably under 
pressure to prevent boiling at the temperatures generated. Other liquid coolants, or forced 
1 5 air cooling may be used if desired. According to specific reactor designs, heat removal may 
be enhanced by increasing heat exchange surface areas by corrugation or other established 
means. Heat removal may be altered by altering the flow of coolant and/or altering the 
quantity of heat removed from the coolant by means of a heat exchanger. 

20 Each reaction zone suitably comprises a metallic catalyst support ("monolith") of 

generally honeycomb construction, as is in common use in automobile exhaust gas catalysis. 
These may have 50 to 1200 cells per square in cell density, preferably 200 to 600 cpsi, and 
may be of a variety of types of stainless steel. In general, the present invention does not 
result in the reaction stages reaching the higher temperatures generally met with in exhaust 

25 gas catalysis (e.g. 500-900°C), but the material should be capable of resisting temperature 
excursions. An alternative reaction zone design utilises what has become known as "static 
mixers" which combine a very high degree of gas agitation and mixing, resulting in non- 
laminar flow, with relatively low pressure drop. Such static mixers may be manufactured 
from a variety of metals and are commercially available. However, it is presently preferred 

30 to use a honeycomb monolith. 

The reaction zone desirably carries a selective oxidation catalyst comprising a 
platinum group metal, especially comprising platinum and/or rhodium, carried on a high 
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surface area metal oxide support, such as alumina. The metallic catalyst support may be 
coated by generally known methods with a slurry of oxide support, dried and fired, and then 
impregnated with the catalytically active components, before a final firing. Such procedures 
are in themselves known, and do not form part of this invention. 

The invention will now be described with reference to the accompanying drawing 
which shows a cross-section of one embodiment of the present invention. 

An essentially cylindrical metal vessel, made by pressing two halves and 
seam-welding, has a main gas inlet, 2, for reformate gas, and an outlet, 3, for cleaned gas. 
The vessel has a number of annular reaction zones, 4, each consisting of an annular wound 
corrugated catalyst support. The vessel further has an internal water jacket, 5, between a 
spacer and the shell and this is supplied with cooling water by means of a water circuit 
comprising a circulating pump, 6, and a heat exchanger, 7. The heat exchanger is desirably 
used to recover heat in an integrated system e.g. in an integrated combined heat and power 
system. The vessel further is provided with four air inlets, 8, each providing pre-determined 
(for a steady-state operation) levels of air (that is reaction oxygen; air is generally suitable). 
Although not preferred, controlled amounts of oxygen, according to one or more feedback 
or feed forward controls detecting gas flow levels and CO levels may be used. Downstream 
of each air inlet is a gas mixing zone, 9a, 9b, 9c and 9d. Zone 9a is suitably a static mixer, 
but zones 9b, 9c and 9d are preferably alternating annular mixing vanes, 10, and discs, 1 1 , 
having gas flow holes, as illustrated in Figs 2 and 3. It should be noted that for simplicity 
only four vanes and four holes are shown, but more, e.g. six or eight, may be used. Such 
vanes and discs may be manufactured by pressing to form a sleeve which may be fitted and 
brazed or welded onto the jacket 5 with the intention that each gas mixing zone also serves 
to remove hear from the reaction gases leaving each reaction zone. Although the schematic 
drawing of the reactor shows each reaction zone and gas mixing zone of the same size, these 
may be designed to differ according to the amount of heat to be removed. Additionally, each 
reaction zone may incorporate different and/or different loadings, of catalyst. Each metal 
catalyst support monolith suitably has 300-400 cells per sq.in. and is coated with a washcoat 
comprising -36wt% alumina solids of D50 of approx 5\im and D90 of approx 16|xm, to 
deposit approx 3g/m\ After drying and firing, the coated monolith was impregnated with 
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a platinum salt solution to result in 5% by wt of Pt deposited on the alumina. The resulting 
coated monolith was again dried and fired before being assembled into the reactor. 

Initial studies indicate that a reformate containing 1-2% CO in admixture with Ha, 
5 CO2, N2, water vapour with a small proportion of unreacted reformer feedstock (e.g. 
CH3OH, CH 4 , gasoline), at 1 80°C may be converted to a feed gas suitable for a fuel cell, 
containing below lOppm CO, and at 140°C. 

The reactor of the invention is compact and exhibits relatively low pressure drop. 

1 0 Manufacturing costs are relatively low. The reactor is believed to be suitable for mobile or 
automobile uses as well as stationery uses. It is presently envisaged that the reactor shell 
will be lagged to control heat loss and prevent injury. The reactor can be manufactured 
simply and inexpensively, using pressed and welded parts. It is desirably operated to 
achieve low pressure drop, and the particular embodiment illustrated is designed for a gas 

15 hourly space velocity of approx. 30,000h" 1 gas throughput. 

The reactor as described may be altered in a variety of ways without departing from 
the central inventive concept. 

20 The invention is now illustrated below in a working example of a two-stage reactor, 

fed with a synthetic reformate gas mixture containing N 2> H 2 , CO, CO2 and H2O. Each of 
the two stages consists of a mixing zone with three off-set spiral vanes, followed by air 
injection accomplished through a number of apertures in an annular ring, producing a 
swirling, mixing gas. The thus mixed hydrogen and air mixture passes through an annular 

25 metal honeycomb support mounted on a central cooling jacket. The cooling jacket is fed 
counter-current to the flow of hydrogen with a heat transfer fluid, conveniently water under 
pressure, and the metal honeycomb support is mounted in good heat exchange contact with 
the cooling jacket. The metal honeycomb carries a selective oxidation catalyst. Gas may 
be extracted for analysis between the two stages and/or after the second stage. By setting 

30 the composition of the feedstock gas mixture according to that analysed sifter the first or 
second stage, the test two-stage reactor can model a three or four stage reactor. 
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The detailed operating conditions and other experimental detail for one typical run 
of the above reactor now follow. It was remarkable that the pressure drop across the whole 
of the est reactor was about the measurement limit of the gauges being used, and was of the 
order of 1.5-3mbar (150-300Pa) ; at the two throughputs tested. This indicates that the 
reactor is very efficient, compact and requires very little energy to operate. 



1 . Each catalyst support was an annular of internal diameter 3.85in (9 ,78cm), external 
diameter 5.85in (14,86cm) and 3.0in(7.62cm) length, made from "Fecralloy" steel 
and having 500 cells per sq in. Each support had been washcoated with alumina 
washcoat as used in exhaust gas catalytic convenors, followed by loading with 5% 
by wt of the alumina of Ft. Conventional manufacturing techniques were used. 



2. The synthetic reformate had the compositions: 48%N 2 (dry), 40%H 2 (dry), 
!0%CO 2 (dry), 0.5-1.5%CO (dry) and 13% H 2 0 (of total flow). Two levels of CO 
concentration were chosen, a higher level to represent the output from autothermal 
reforming, and a lower level to represent the output from steam reformer or an 
optimised reformer, and two levels of throughput stated to be Nominal 3kWe 
(1 kilowatt equivalent = 1 ,000 1/hr of H 2 ) and Nominal 6k We, equal to 7,5000 1/hr 
of dry reformate and 15,000 1/hr of dry reformate respectively (8,620 1/hr and 
17,240 1/hr of wet reformate). 

It is plain from these results with a two-stage reformer that the compact and efficient 
reformer of the invention will be effective to remove CO from Hydrogen to any desired 
level, by conventional optimisation and especially by matching the number of stages to the 
requirements of the fuel cell system or other usage of the purified hydrogen. 
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CLAIMS 

1 . A catalytic selective oxidation reactor, comprising a reactor vessel (1) with converter 
current cooling means (5,6,7) and at least one stage, each stage being provided with 

5 an inlet for a first feedstock (2), and inlet for a second feedstock (8), gas mixing 

means (9a) and a catalytic reaction zone (4). 

2. A reactor according to claim 1, wherein the catalytic reaction zone comprises a 
selective oxidation catalyst deposited upon a metal support. 

10 

3. A reactor according to claim 2, wherein the metai support is mounted in good heat 
exchange contact with the cooling means. 

4. A reactor according to any one of the preceding claims, wherein the cooling means 
1 5 comprises a central jacket mounted within the reactor. 

5. A reactor according to any one of the preceding claims, having from 2 to 10 stages. 

6. A reactor according to claim 5, having four stages. 

20 

7. A reactor according to any one of the preceding claims, connected to the output from 
a reformer such that CO is removed from the output gas to a level where the output 
from the reactor may be fed to a fuel cell. 

25 8. A process for the removal of quantities of CO from a hydrogen feedstock by partial 
oxidation, comprising at least one step of admixing said feedstock with a quantity of 
oxygen, passing the resulting mixture over a selective oxidation catalyst in a selective 
oxidation zone and recovering a hydrogen product with reduced content of CO, whilst 
simultaneously cooling the selective oxidation zone by counter-current coolant flow. 

30 

9. A process according to claim 8, wherein the selective oxidation zone is maintained 
at a temperature in the range 1 00 to 250°C. 
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10. A process according to claim 8 or 9, providing hydrogen to fuel a fuel cell. 
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I. Baste of the report 

1 . This report has been drawn on ihe basis of {sutetSiite sheets wttich have been fumfehod to the receiving Office /n 
msponsa to an invitation under Article U a/» referred to in this report as 'original^ filed* wd are net annexed to 
mBt^port$lnc9^eydQni^contmam$ndmwts.): 

Description, pages: 

1-6 as originally filed 

Claims, No.: . 
Drawings, sheets: 

1/1 as originally filed 



& Tfte amendments have resulted in the cancellation oft 

D the rff3S5ccft3ftion^ pages; 
O the claims,. Nlos.: 
□ the drawings, sheets; 

convened to go beyond the disclosure as filed (Rule 7D^(c)): w«wnroMw 
see separate sheet 
4, Additional observations, if necessary: 
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V. Reasoned statement under Artfcte 35<2) wfth regard to novefty, invanttee step or industrial 
appticablAy; citation© and explanations supporting ©uch statement 

1. Statement 

Novelty IN) Yos: Claims 1-14 

No: Claims 

Inventive step (IS) Yes: Claims * 

No: Claims 1-14 

Industrial applicability (IA) Yes: Claims 1-14 
No: Claims 

2, Cltatiuns and explanations 
see separate sheet 



VII. Certain defects In tfte International application 

The following defects hi the form or oontonte of th& international application have been noted: 
see separate sheet 
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BfeJtesU 

Basis of the report 

1; VVJth hfe reply to. the first written opinion the applicant has fifed a cpniptetety new 
set of claims, without referring to this fact in his tetter of reply, a course, duo to 
this omission to mention the new set of claims, also no basis for the amendments 
has been indicated. s 

This is highly objectionable, because it puts a high burden on the examiner to find 
all the amendments, and ro further find their basis in the application as filed. 

2. Some of the amendments proposed by the applicant go beyond the application as 
filed (Article 34(2)(b) PCT). 

2.1. Claim 6 defines that the central jacket is connected via a coolant circuit to a 
circulating pump. The basis for this amendment seems to lie in page 3, lines 1 1- 
1 3, where a water circuit and a circulating pump aw disclosed. 

This has now been generalised to cooling circuit in general. Subject-matter has 
been added. 

It is admitted that on page 2 it is mentioned that other coolants can be used. 
However, the circulating pump seems only to be disclosed in relation to water 
being the coolant 

2.2, Claim 10 defines that the gas mixing means comprise annular mixing vanes or 
discs. The expression "annular mixing vanes or discs" can only be found on page 
3, lines 20 and 21 . This passage discloses that the first mixer is a static mixer, 
whereas the other mixers are alternating "annular mixing vanes or discs 0 . 

The claims now specifies that also the first mixer is an "annular mixing vane or 
disc", which was not disclosed in the application as originally filed. Subject-matter 
has been added. 

2-3. Since the applicant has not given any indication of the basis for the amendments, 



Farm PCT/SeparatB sneewos (street i) (EPOA^a ias7) 



31-MQY-2031 11 = 3/1 FR^ JOHMSQN MRTTHEY TO RfiTNER PRESTIfl P. 22 

itaTEBNATIONAL PRELIMINARY Interoaiional application No. PGT/GB99/03958 
EXAMINATION REPORT - SEPARATE SHEET — L- 

the final decision onthe allowability of the amendments is deferred to the regional 
. . :phase. 

RaltemV 

Reasoned statement under Article 35(2} with regard to novelty, inventive step or 
Industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

Di; WO-A-S3/iS005. 
D2: GB-A-2075859 
D3: US-A-4988431 
D4;DE-A-1 9544895 

1 4 . The subject-matter of the present.clair us is novel. The subject-matter of claims 1 - 
14 does not involve an inventive step, however (Article 33(3) PCT). ; 

.' inventive step objections arise starting from document DI and starting from 
document. D4: 

1.1, Starting from document D1: 

Document D1 discloses a reactor for the selective oxidation of carbon monoxide in 
the presence of hydrogen, the reactor contains two catalytic beds, pooling coils 
are embedded In the 2 catalyst beds. From figure 1 it is clear that the. coolant 
flows countercurrently.to the reacting stream. The reactor has tniets for gaseous 
fuel and oxygen. The product from the reactor is fed to a fuel coll (see figure 1 ; 
page 9, line 3 - page 1 2, One 32). 

In his tetter of reply of I2m2ti00, rhe applicant has argued thai claim 1 is novel 
for several reasons. 

Firstly, it is argued that the present reactor is contained in a single vessel With 
respect, the xaminer cannot agree on this point of view, because claim 1 
specifies that the reactor c mpriees a cylindrical reactor vessel, with at least one 
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stag©. Document D1 clearly has one stage in a vessel. The presence of a second 
stage in a second vdeeel Is certainly not excluded from claim 1 . 

Secondly, It is argued that the apparatus of document D1 does not h£ve any 
mixing means. With respect, the examiner cannot agree with The applicant here. It 
should first be mentioned that the term mixing means is extremely broad, giving 
no indication what sort of mixer is meant. In any case, on page 9; lines 20-23 of 
document D1 disclose that the perforated support member (23) facilitates 
distribution of gases to all regions of the catalyst bed. Perforated support member 
(23), therefore, clearly functions as a mixing means. 

The only dffference between claim i and document D1, therefore, lies in the fact 
that in claim 1 the catalyst is supported on a metallic support, whereas In 
document D1 the catalyst Is supported on a melal oxide support. 

Document D4 discloses an apparatus for the selective oxidation of carbon 
monoxide. The catalysts used in this apparatus are preferably supported on a 
metallic support. 

The person skilled in rhe art will certainly consider using catalysts supported on a 
metallic support in the apparatus of D1. The subject-matter of claim 1 does nol 
involve an inventive step. 

It is noted that similar objections can be raised starting from document D2 and 
document D3. 

1,2. Starting from document D4: 

Document D4 discloses an apparatus and process for the selective oxidation of 
carbon monoxide in presence of hydrogen. The apparatus has several catalytic 
stages, in which the catalyst is preferably supported on metallic supports. The 
reactor is cooled by a cooling circuit, which is connected to the outside of the 
reactor. From the figures, it would appear that the cooling lakes place co- 
currently. The reactor has inlets for oxygen and for the gas to be treated and 
contains several static mixers to achieve mixing (and cooling) of the reactants. 
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Tho product of the reactor can be fed to a fuel oel! (see figures; column 3, line 35 - 
column 4, line 50)- 

The only difference between claim 1 and document 04 lies in the jtecf that in claim 
1 the cooling takes place countercurrently, whereas in document D4 ihe cooling 
takes place co-currently. 

The skilled chemical engineer, who is the person skilled in Ihe art in the present 
case, always considers -both co- and ecuntercurrent operation of heat-exchange 
processes. 

The: applicant has argued that claim 1 furrher differs from document D4 in the fact 
that in claim 1 The apparatus is cylindrical, whereas in document D4 this would not 
be the rase. The examiner cannot agree on this point wilh the applicant. Although 
the preferred embodiment of document D4 is directed to a plate-type reactor, the 
use of other forms for the reactor are also disclosed according to: the examiner In 
any| case, the choice of a cylindrical shape for a reactor is the firs* choice for the 
skilled chemical engineer, for the reasons as given by the applicant in hie letter of 
reply to the written opinion (compact, easy manufacture). 

The subjecl-matter of claim 1 does not involve an inventive step. 

2. The subject-matter of claim 1 2 does not involve an inventive step. 

Document D1 is considered to be the closest prior art tor claim 12. 

The only difference between claim 1 2 and document Ul lies in the factthat In 
claim 1 the catalyst Is supported on an annular metal support, whereas in 
document D1 the catalyst is supported on a particulate metal oxide support. 

Document D4 discloses the use of m era I lie supports In the selective oxidation of 
carbon monoxide. 

This person skilled in the art will, therefore, certainly think of using a metallic 
catalyst support The further choice of an annular shape of the support, seems to 
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. be tho choice from a limited number of possibilities. 

The subject-matter of claim 12 does not involve an inventive stepJ 

3. The subject-matter of claims 2-11, 13 and 14 also doe© not invoh/je an inventive 
step. • I 4 

3.1. Claims 2, 4-7 are directed to features of the cooling of the reactofj. which are all 
woH-known measures to the person skilled in the art The subjed^matter of claims 
2, 4-7 does not involve an inventive step. 

az A recent trend in jgas-phase catalytic reactions is The use monoids as catalyst 
supports. The subject-matter oJ claim 3 does not involve an inventive step. 

• j 

3.3; Both document D1 and document D4 disclose a plurality of oxidation Stages, the 
. person skilled in the art will be able to choose the optimum number of stages, the 
subject-matter of claims 8 and 9 does not involve an inventive step. 

3,4: The mixing varies or discs seem to be well-known mixing means J The subject- 
rihatter of claim 1 0 does not involve an inventive step. It is noted thai the claim 
does not fulfil Ihe requirements of Article 34{2)(b) PCT (see section I, above). 

3.5. From the introduction of document D4 it is clear that the sefectiv^ oxidation of 
carbon monoxide is used on synthesis gas, to make it suitable for use in a fuel 
cell. The subject-matter of claims 1 1 and 14 does not involve an inventive step. 

3.6. Document D1 discloses using an tnlot temperature of 320*F (=1£>CTC; see claim 
11 ). The subject-matter of claim 1 3 does not involve an inventive; step. . 

Re Item VII 

Certain defects in the international application j 

1- Contraiy to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the documents D1 and D4 is not mentioned in the description, nor are 
these documents identified therem. 
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CLAIMS 

1. A catalytic: selective oxidation reactor, comprising a cylindrical reactor vessel (1) with 
counter current cooling means (5,6,7) and at least one stagey each stage , being 

5 provided with on inlet for a first feedstock (2\ and inlet for a second feedstock (8), 

gas miving means (9) and a catalytic reaction zone (4), wherein The reaction zone 
comprises a selective oxidation cafialya deposited upon a metal support. 

2. A icautox according to claiml, wheicin the metal support is mounted in good heat 
10 exchange contact "with the cooling means. 

3. A reactor according to any one of the preceding claims, wherein the metal support is 
a metal monolith. 

IS 4, A reactor accoiding to any one of the preceding claims, wherein the cooling means 
comprises a oedral jacket mounted within the reactor. 

5. A i^ccor according to claim 4, wherein The cemral jacket is connected via a coolant 
circuit tt> an external heat exchanger. 

20 

6. . A reactor according to claim 4 or 5, wherein the central jacket is connected via a 

coolant circuit to a orcntetjoDg pump. 

7. A reactor according lo any one of the preceding claims, wherdn the catalytic reaction 
25 zanc(3} ia/ate jww mlnr and surround a central cooling m*p gne 

X. A reactor according to any ooe of the preceding claims, having fiom 2 to 10 stages* 

9. A reactor according to claim 8, having four stages. 
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10. AresHtoacc or d i nE to anyone of the pr^^ 
comprise annular mixing vanes or disss. 
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8 

1L A fpgcrrr y^OT^.nc *n ^rry <™g «f the precedfnff oka msi connected to the avtptst fonn 
a lefenner such that CO is removed ftom the nutpul gas to a level where the output 
fiomtore^c^nwybefedfnafufi! cell. 

3 12. A process fur Ibeiraovd of qu^ 

oxidation, comprising at least one step of admixing said feedstock with a quantity of 
oxygen, passing the resulting naixtwe over a selective oxidation zone comprising a 
selective oxidation catalyst on an annular metal support, and recovering a hydrogen 
product with reduced coruenr of CO. whilst simultaneously cooling the selective 
10 oxidation zone by counter-cuirait coolant flow. 

13. A process ocooiding to claim 12, ^wherein the selective oxidation zons is maintained 
atatenperatureintherange 100to250°C 

15 14. A process accenting, to claim 12 or 13, providing hydrogen xo afliel cell. 
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